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ABSTRACT 
 
Salt domes have been studied in the Gulf Coast region to look at how, why, and where 
saline waters are located within these field areas.  Fluid flow model and pathway studies can be 
helpful to the research of saline water migration because it can be correlated to hydrocarbon 
migration in petroleum exploration.  The South Timbalier 54 field occurs over a salt dome that 
sits at approximately 3,048 meters beneath the seafloor.  Two major faults were found 
originating from the salt dome up into the shallow section of the field.  The sands were deposited 
in fluvial, deltaic, or marine environments.  The original salinity of these sediments would be 
between 0 to 35 g/L if the fluids in the pore space were the original fluids.  Salinity logs were 
calculated for forty wells surrounding the salt dome to locate any presence of salinities outside of 
0 to 35 g/L.  The Revil et al. method (1998) was used to estimate salinity from the data of the 
gamma ray, density, and resistivity log.  Saline waters were found to be located in this field and 
the values could be group into four salinity zones.  Each zone represents a change in the value of 
salinity from the shallowest to the deepest log.  The first zone contains values of 20 to 30 g/L, 
the second contains values from 60 to 130 g/L, the third contains values from 30 to 45 g/l, and 
the fourth zone contains values from 60 to 110 g/L.  Mud weight data from a well near the salt 
dome shows that the top of overpressure is between 3,657 meters and 3,962 meters.  The fluids 
are forced out of overpressure up the side of the salt dome.  These fluids dissolved the salt to 
create the high salinities and then were forced into the major faults.  Through these faults the 
saline waters were expelled into the adjacent sediments creating the high salinity zones of the 
field by using the faults as a migration pathway.  The low values of zones one and three 
represent infiltration of brackish waters and a possible low permeability zone respectively. 
CHAPTER 1 – INTRODUCTION 
 The migration of saline waters in the salt dome fields along the northern coast of the Gulf 
of Mexico has been studied for many years (Hanor, 1983).  The reason for this interest is because 
high saline pore waters found in these sediments are not the original fluids.  The original waters 
within most fluvial to marine sediments have salinity equal to seawater salinity or less.  Similar 
to the migration of oil and gas in the subsurface saline waters have been studied to understand 
fluid flow and mass transport processes in the Gulf Coast region.  The pathways and mechanisms 
to explain the flow of saline waters can be used to estimate the flow of hydrocarbons.  
Hydrocarbons, like saline waters, are not the original fluids suggesting that the hydrocarbons 
must come from another source and migrate into their present location.   
 Some previous research has looked at the geochemistry of saline waters in efforts to 
determine the source of the waters (Land and Macpherson, 1989; Land and Macpherson, 1992; 
Hanor, 1994).  Other studies have focused on how saline waters migrate from their sources to 
their present locations with the subsurface.  Potential driving mechanisms for fluid flow range 
from compaction (Bjorlykke, 1993), density-driven flow (Ranganathan and Hanor, 1988) such as 
thermohaline convection (Evans and Nunn, 1989; Hanor, 1987), or expulsion of geopressured 
fluids up permeable faults (Roberts et al., 1996). 
The field area for this research is South Timbalier 54 which sits about 30 miles (48.27 
km) off the coast of Louisiana.  This field contains a salt dome in the center at a depth of 
approximately 3,048 meters below the sea bottom.  Previous studies of fluid flow have looked at 
multiple properties of the sediments (Bennett and Hanor, 1987), (Nikiel and Hanor, 1999).  Pore 
water salinity, temperature, pressure, and density are among some of the properties interpreted.  
The fluid migration within each field was determined using more than one set of data.  In this 
study my aim is to use log data to interpret and infer possible fluid flow pathways and salinity 
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 regime of the field. 
Estimated salinity logs for forty wells are used to determine spatial variations in salinity 
within South Timbalier 54.  The geologic structure of the field is interpreted using a 3D seismic 
data set that covers the whole field.  The seismic data provides detailed information on the 
structure, salt dome, and the faults throughout the field.  Finally, cross sections are used to show 
the spatial variations in salinity relative to structural features of the field.  From these cross 
sections, some interpretations about fluid circulation patterns can be made. 
To accomplish the objectives of this research the geologic background of the South 
Timbalier 54 field is reviewed in chapter two.  In chapter three the structural features of the field 
are interpreted using the 3D seismic data set.  Chapter four discusses the technique used to 
determine salinity values from the well log data.  The results are used to create salinity logs for 
the forty wells and are analyzed based on location in the field area.  Chapter five explains the 
results of the mud weight data of the field.  Chapter six uses cross sections across the field to 
interpret the salinity changes from well to well in combination with the seismic data.  Chapter 
seven discusses the origin of saline waters and possible fluid flow mechanisms to explain the 
variation in salinity.  Chapter eight focuses on the conclusions drawn from the research with a 
summary of evidence to support each conclusion. 
 
CHAPTER 2 - GEOLOGIC BACKGROUND 
Structural History of Gulf of Mexico 
The structural history of the Gulf of Mexico begins with the supercontinent Pangea.  
Pangea was a large land mass that contained all the continents of the earth.  Pangea existed until 
Early Jurassic time when it started to break up into the seven continents that exist today (Walper, 
1980).  North America began to move away from South America and Africa.  This was the first 
step in the formation of the Gulf of Mexico.  This separation caused crustal extension of the 
continental crust between South America and North America (Walper, 1980).  The tension 
created by crustal extension continued to cause rifting of the crust.  The effect of that process 
was the creation of grabens and half grabens, which provided space for the deposition of large 
quantities of sediments (Figure 1).  This rifting phase continued from Late Triassic until Late 
Jurassic (Salvador, 1991). 
During Late Jurassic time the Yucatan block began to move.  As the Yucatan block began 
to rotate counter-clockwise to its present position the crustal extension began to reach a critical 
point.  The continental crust was becoming too thin and this caused mantle upwelling within the 
Gulf of Mexico (Salvador, 1991).  This process led to the beginning of seafloor spreading which 
created oceanic crust near the center of the basin (Walper, 1980).  The creation of oceanic crust 
lasted till the end of the Jurassic by the time the Yucatan block had rotated and moved in to its 
present location.  The rest of the structural history of the Gulf of Mexico was characterized by 
subsidence, which was caused by the subsequent cooling and contraction of the oceanic and 
thinned continental crust (Salvador, 1991). 
Stratigraphic History of the North Gulf of Mexico 
The initial breakup of Pangea in the Early Jurassic led to the formation of grabens and 
half-grabens which became the location for the earliest sediments deposited in the Gulf of
 3
  
Figure 1 – Cross sections of the Gulf of Mexico from north to south showing the structural and 
stratigraphic evolution of the basin. (from Buffler, 1991) 
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Mexico (Salvador, 1991).  Initially these grabens that were offshore Texas and Louisiana filled 
with red beds.  After red bed deposition, marine conditions began to characterize the northern 
Gulf of Mexico in the Middle Jurassic time.  This caused the widespread deposition of evaporites 
typically referred to as the Louann Salt sheet (Salvador, 1991).   
There was another major marine transgression with only minor regressions that lasted 
until Early Cretaceous time.  During this transgression the Smackover Formation was deposited 
which was primarily limestone.  Shales were deposited within the Gulf while clastic material was 
deposited near the coast by rivers and streams.  The Jurassic sediments were widespread across 
the northern Gulf of Mexico, and in Late Jurassic time the interbedded sands and shale of the 
Cotton Valley Formation were deposited under shallow water conditions (Salvador, 1991). 
Early Cretaceous time was characterized by a major marine transgression.  Along with 
the transgression, there was a persistent influx of clastic sediments from rivers along the 
Northern Gulf Coast.  During Late Cretaceous time carbonates began to develop along the low 
relief margins.  The Upper Cretaceous section is composed primarily of coarse clastic material in 
the lower part (Husston Formation), chalk and chalky marls in the middle part (Sligo to Buda 
Formation), and shales and calcareous shales in the upper part (Eagle Ford to Porters Creek) 
(Salvador, 1991). 
The Cenozoic stratigraphy is distinguished by an abundant supply of clastic material.  
The large volume of material is controlled by tectonic events occurring outside of the Gulf 
region (Mann and Thomas, 1968).  The Cretaceous period ended with a significant drop in sea 
level and a basinward retreat.  This caused the Early Paleocene to deposit a reduced amount of 
clastic material when compared to the earlier periods.  Following this regression a transgression 
produced a section of shales called the Midway Group.  From Late Paleocene times to the Early 
Eocene large volumes of clastic sediments entered into the Gulf of Mexico (Salvador, 1991).  
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The explanation was the focusing of the Mississippi River on the northern Gulf of Mexico.  The 
large amount of sediment deposition by the Mississippi River caused one of the first episodes of 
salt movement (Buffler et al, 2000).   
The Middle to Upper Eocene section reflected a number of cyclical transgressive and 
regressive events.  These events produced an alternating thick, sand-rich, prograding deltaic 
sequences and thin transgressive shaly sequences deposited over a marine shelf.  This sequence 
is called the Claiborne and Jackson Formations (Salvador, 1991). 
In the Late Oligocene there was a major increase in the influx of clastic sediments.  
During this time the Frio Group was deposited.  It stretched from East Texas to Florida with the 
thickest accumulation in East Texas and the thinnest accumulation in Florida.  The beginning of 
the Miocene was marked by a widespread transgression.  During the Miocene the main 
depocenter changed from East Texas to southern Louisiana (Buffler, 1980).  According to Mann 
and Thomas 1968, this was caused by the influx of sediments in the Mississippi River from the 
uplift of the Rocky Mountains.  During the Miocene thick sequences of lower and middle 
Miocene sediments were deposited gulfward of the older Frio shelf margin.  Each genetic 
sequence graded from fluvial to deltaic to marine from updip to downdip with a sequence 
thickness increase from the Texas coast to the Louisiana coast (Salvador, 1991).  
The thickness of each sequence also increased from updip to downdip, which is attributed 
mainly to deposition on and basinward of the unstable substrate of the underlying Frio Formation 
and thick salt.  Huge growth faults developed deposition on the salt and provided space for the 
accumulation of the thick, structurally segmented sections of sediment.  The growth faults were 
initiated and remained active mainly during deltaic deposition and seldom can be traced into the 
overlying section.  Miocene sandstone and shale units also thickened into salt-withdrawal basins, 
which formed contemporaneously with salt movement into nearby salt domes (Salvador, 1991).   
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The Pliocene-Pleistocene marked a change in location of maximum deposition over 300 
km southwestward from just west of the present mouth of the Mississippi River to the edge of 
the continental shelf south of the present shoreline at the Texas-Louisiana border.  The 
sedimentary processes that filled the Pliocene-Pleistocene depocenters were a continuation of 
deltaic sedimentation and shelf edge progradation, which have been continuously active in the 
Gulf of Mexico basin since the end of the Cretaceous.  The distinguishing characteristics of this 
period of deposition are:  1) a change in tempo and depositional responses of the sedimentary 
regimes to numerous large, eustatic changes in sea level that began about 2.5 to 3 Ma and 
continued through the late Pliocene and entire Pleistocene; and 2) a resurgence of sediment 
supply in response to uplift and glaciation of central North America.  It appears likely that the 
southwestward shift in sedimentation from Louisiana to Texas was in response to a westward 
shift in the major sources of sediment at the time of the initial drop in sea level in the late 
Pliocene (Salvador, 1991). 
The onset of North American continental glaciation at approximately 3 Ma and the 
eustatic drop in sea level in the Gulf of Mexico of an estimated 150 m was the first of eight 
major cycles of sea level changes in the Gulf of Mexico basin.  During periods of falling and low 
sea level, a series of delta lobes and interdeltaic depositional facies expanded rapidly across the 
exposed continental shelf until the sedimentary load was being deposited on the outermost shelf 
and finally on the upper continental slope.  Large valleys were incised into the exposed 
continental shelf.  The development of shelf-margin deltas and deposition of sediment within the 
shelf-slope transition zone were accompanied by active growth faulting.  Sediment loading and 
consequent subsidence of the shelf edge triggered uplifts of diapiric structures on the upper 
continental slope.  Active diapirs in turn strongly influenced sediment dispersal patterns on the 
slope (Salvador, 1991). 
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Geologic History of the Study Area 
The study area for this research is the South Timbalier 54 field.  This field is located 
approximately 61 kilometers southwest of Grand Isle, Louisiana and 144 kilometers southwest of 
New Orleans, Louisiana on the shelf in approximately 18 meters of water (Figure 2).  The 
earliest known salt movement affecting sediments above the salt was on the upthrown side of a 
large down to basin growth fault during Late Miocene time (Stude, 1978).  The salt moved 
upward to within 914 meters of the sea floor (Figure 3).  Then seaward movement or a 
breakaway of sediments located on the downthrown side of the growth fault created a graben.  
The salt moved laterally, in a seaward direction, into the graben and then vertically, filling part 
of the breakaway void space (Stude, 1978).  
Seaward and lateral sediment movement continued along new fault planes that were 
formed within the graben area.  A rapid upward 914 meter salt movement to within 457 meters 
of the sea floor surface created an unconformity over a large portion of the field.  The rate of 
upward salt movement decreased but still filled part of the void space as seaward sediment 
break-away continued along the salt surface or new fault planes.  The salt surface was depressed 
to 1,219 meters below the seafloor during the Middle Pliocene as upward salt movement in the 
graben area was slower than basement subsidence during upper slope deposition.  Upward salt 
movement during the Late Pliocene ceased during shelf deposition and the salt surface was 
depressed to approximately 3,048 meters below sea level by overburden and basement 
subsidence by the present (Stude, 1978). 
The most recent activity in the field was the Lafourche delta complex that began around 
3,300 years ago and actively continued up to 300 years ago (Frazier, 1967).  The Lafourche delta 
complex completed the development of the Holocene subaerial delta plain by infilling the 
interdistributary area between the transgressive Teche and St Bernard delta complexes.
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Figure 2 – Location of the South Timbalier 54 Field.  The field sits 61 kilometers southwest of 
Grand Isle, Louisiana.  The field consists of four 914 by 914 meter blocks.  The blocks are 54, 
55, 66, 67 (from Stude, 1978). 
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 Figure 3 – Reconstructed Structural History of South Timbalier 54 Field (from Stude, 1978).  
The depths are in feet from sea level. 
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CHAPTER 3 - INTERPRETATION OF SEISMIC DATA SET 
The South Timbalier 54 field consists of four adjacent 914 by 914 meter blocks.  The 
four blocks are South Timbalier 54, 55, 66, and 67.  The field sits on the shelf with water depths 
of approximately 65 feet.  This field is owned by ExxonMobil which started drilling for 
petroleum in 1955 with its first well the A #1 (Waguespack, 1983).  In 1987 ExxonMobil 
performed a 3D seismic survey over the field.  Then in 1997 they donated the South Timbalier 
54 field seismic data set to the Geology and Geophysics department at Louisiana State 
University.  The data were imported into Landmark Graphics Openworks in order to view the 
seismic data using Seisworks.  Seisworks is a program that uses a graphical interface to let the 
user view and interpret seismic data.  The interpretation of the faults, salt dome, and the top of 
the A and D sands was done using this program. 
The seismic data measures the acoustic impedance of the subsurface sediments.  The 
acoustic impedance is a function of the velocity and density of a rock.  The velocity and density 
generally increase with depth for a homogenous rock unit, but at the boundary between two units 
it is also possible to get a lithological contrast.  For example, the boundary between porous sand 
and a dense, tight limestone would have a high reflection coefficient and show up as a prominent 
reflecting surface.  By contrast, the boundary between two shale formations of similar acoustic 
impedance would have a very small reflection coefficient and would reflect little energy (Selley, 
1998). 
ExxonMobil Interpretations 
The South Timbalier 54 seismic data set also came with a small report.  This report gave 
some background information on the field, a generalized cross section, and some seismic 
displays of the field.  The generalized cross section (Figure 4) showed the location of a few key 
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 Figure 4 – Schematic Cross section of South Timbalier 54 field.  This cross section was provided by ExxonMobil along with the 
seismic data set.  It shows the location of the salt, sands, and faults.  The scale and actual location of the figure were not given but are 
approximately 13.5 km by 5 km.
 
 features within the field.  The cross section line extended from the southwest to the northeast.  
The features included were the Lafourche Channel, the location of the salt dome, the 
approximate location of the various Pleistocene and Pliocene sands, and the boundary between 
the Pliocene and Miocene sediments.   
To complement the cross section the South Timbalier 54 field type log (Figure 5) showed 
the location and age of all the sand layers of the field based on the interpretation of foraminifera 
fossils, species diversity plots, and paleo water depth curves (Stude, 1978).  The sands that were 
shown were the tops of the A, D, G, and H sands.  All the sands in the field were ranked from P-
1, P meaning Pliocene, down to the J sand.  The Pleistocene-Pliocene boundary was determined 
to coincide with the boundary between the B and C sands.  The Pliocene-Miocene boundary was 
found to coincide with the boundary between the H and I sands.   
Research Interpretation of Field Area 
In Seisworks the lines from the seismic survey of the data set are broken into two groups.  
The first group is the Lines, which run north and south and are numbered 1 to 231 in a west to 
east direction.  The second group is the Traces, which run west to east and are numbered from 1 
to 1125 in a south to north direction.  The Lines have a spacing of 50 m and the Traces have a 
spacing of 12 m.  The seismic survey was recorded in time and therefore the seismic data set 
vertical display is in time instead of depth.  The seismic display uses two way travel time 
(TWTT) to show the subsurface structure of the field.  The TWTT starts at 0 ms at the sea 
bottom of the Gulf of Mexico, and continues down to approximately 6000 ms (Figures 6 and 7).  
The vertical resolution of the seismic data is 36 meters and the horizontal resolution of a 
distinguishable depositional feature is 137 to 152 meters (Bradley, 2000). 
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 Figure 5 - Type log for sands in South Timbalier 54 (from Stude, 1978).  Shows the locations of 
the geologic time boundaries based on foram studies. 
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Figure 6 – Seismic map view showing location of the cross section.  The 914 by 914 meter 
blocks (54, 55, 67, and 68) are shown.
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 Figure 7 – Screen capture of uninterpreted seismic data.  The line show is from southwest to northeast.  See Figure 5 for the exact 
location with in the field.  The vertical scale is in two-way travel time in milliseconds
 
Lafourche Channel Interpretation 
The first feature that is noticeable in the seismic data set is a channel feature (Figure 8).  
The channel is a part of the Lafourche delta complex.  The Lafourche delta complex is one of the 
old delta complexes of the Mississippi river.  The channel cuts through the field from the 
northern middle of the seismic data set to the southeastern portion.  It extends from about 400 ms 
down to 1000 ms.  The channel is unaffected by the extensive faulting in the field.  The channel 
is the most recent feature in the region because it cuts the uppermost faults within the section. 
Salt Dome Interpretation Results 
The salt dome is located in the center of the four blocks that make up the South Timbalier 
54 field.  Most of the salt has been dissolved or migrated elsewhere because only a small portion  
of the salt is present based on the structural history of the field and the seismic interpretation.  
Within the seismic display window, salt structures can be easily recognized.  Salt is located 
where seismic reflectors are very weak because there is no significant contrast within the salt.  
Salt is nearly uniform throughout and there is very little spatial variation in acoustic impedance.  
The crest of the salt dome occurs at about 3000 ms TWTT (Figure 9).  This correlates to a depth 
of approximately 3,048 m.  The salt doesn’t extend over the entire field.  It is confined to the 
center of the field and an outline of the salt is shown in figure 10. Major faults radiate outward 
from the salt structure (Figure 11).  
Fault Interpretation Results 
To get a better look at the structure of the field, a detailed fault interpretation was 
conducted.  In the seismic data, lines in the display window represent a contrast in the acoustic 
impedance of two adjacent rock layers.  Therefore, if the lines represent horizontal boundaries of 
rock layers, any abrupt offset in the tracing of a line would represent a fault, which is an offset in 
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 Figure 8 - Screen capture showing interpreted base of Lafourche channel.  The bold line represents the bottom of the Lafourche 
channel.  See Figure 5 for the exact location with in the field.  The vertical scale is in two-way travel time in milliseconds.
 
 Figure 9 – Screen capture showing interpreted salt dome.  See Figure 5 for the exact location with in the field.  The vertical scale is in 
two-way travel time in milliseconds.
 
  
 
Figure 10 - Map view showing the location of the Lafourche channel and the extent of the salt 
dome.  The 914 by 914 meter blocks (54, 55, 67, and 68) are also shown.
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 Figure 11 – Screen capture of interpreted faults along the cross section.  The two major faults of the field are labeled.  Some minor 
faults are located in the center of the graben.  See Figure 5 for the exact location with in the field.  The vertical scale is in two-way 
travel time in milliseconds.
 
 
the rock layers.  To get a good spatial representation of the fault pattern Seisworks was used to 
map each of the faults within the field.  A total of forty faults were identified.  Of these forty 
faults, there are two major faults, some minor faults that make up a graben in the center of the 
field, and two sets of minor faults associated with each major fault outside of the graben area 
(see Figure 11). 
The first major fault enters the field from the east and splits into two faults (Figure 12).  
One of the faults continues off to the northwest and the other continues southeast.  This major 
fault dips to the south, which is the regional dip for this area.  The regional dip is determined by 
the dip of the majority of beds within the basin, and most of the beds in the north Gulf of Mexico 
dip south toward the center of the Gulf of Mexico.  The second fault starts in the middle of the 
field extends south and then east to the southeast corner of the study area.  This fault has a 
counter-regional dip, which means it dips to the north or landward.  According to the structural 
history of the field these two faults were among the first faults formed and were active 
throughout deposition (Stude, 1978).  They extend from the salt dome up through the section to 
the elevation of the Lafourche channel.  These two faults also outline the salt dome.  The major 
regional fault curls around the northern edge of the salt dome, and the major counter-regional 
fault curls around the southern edge. 
A and D Sand Interpretation Results 
An estimate of offset within the field requires an interpretation of a sand or shale horizon.  
The locations of sand horizons were mapped to identify the structure of the field.  Two horizons 
were created in Seisworks.  Horizons for the top of the A and D sand allowed for the 
interpretation of the sands within the field.  It also allowed for a more detailed look at the field 
and a more detailed look at the offset of the faults.   
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Figure 12 – Map view of faults cutting through the D sand.  The locations of the two major faults 
are in bold.  The graben in the center of the field is also noted. The two major faults are in bold.  
The arrows are pointing in the direction of dip. The 914 by 914 meter blocks (54, 55, 67, and 68) 
are also shown. 
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 The tops of the A and D sand were mapped throughout the seismic data from line to line 
and from trace to trace.  The interpretation of the A and D sand is shown in a time structure map 
for each sand (see Figures 13 and 14).  The blank areas of interpretation within the map area are 
where the sand is removed by faulting.  The color scheme for the time structure map is white and 
red are the highest elevations of the sands and the dark blue/purple are the lowest elevations of 
the sands.  The colors represent changes in the elevation of the sands in TWTT.    The highest 
locations within the field are located on the up-thrown sides of the two major faults.  To the west 
of the major counter- regional fault there is an anticline structure that terminates up against the 
major fault.  To the north of the major regional fault is the other side of the anticline.   
The two major faults created a graben complex that is located directly above where the 
salt dome is located.  The graben is characterized by another anticline that is broken up by 
smaller faults.  These smaller faults also create a smaller graben.  These faults are a result of the 
collapse of the salt during rapid sedimentation and burial of the salt dome (Stude, 1978).  The 
major faults of the field have been mapped in map view from the interpretation of the A sand 
horizon to show the dip direction of the faults (see Figure 12).   
 All of the seismic interpretation results are shown in figure 15.  The offset of the faults 
can be seen by following the A and D sand horizons, the outline of the salt, and the location of 
the bottom of the Lafourche channel. 
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Figure 13 – Seisworks screenshot showing time structure map of top of A sand.  Areas within 
colored section that are black represent where the sand is faulted out.  The scale is also show for 
the interpretation.  The highest area is in the northwest corner.  The lowest area is in the 
southeast corner above the major counter-regional fault. 
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Figure 14 – Seisworks screenshot showing map view of seismic interpretation of the top of the D 
sand.  The area within the interpretation that is black represents where the sand is faulted out.  
The scale is also show for the interpretation.  The highest area is in the northwest corner.  The 
lowest area is in the southeast corner above the major counter-regional fault. 
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 Figure 15 – Seisworks screenshot of seismic window with full interpretation.  The tops of the A and D sands are highlighted.  Also the 
salt, fault, and Lafourche channel interpretations are shown.  See Figure 5 for the exact location with in the field.  The vertical scale is 
in two-way travel time in milliseconds. 
 
CHAPTER 4 - INTERPRETATION OF SALINITY DATA 
Salinity Calculation Technique 
A method created by Revil et al. (1998) was used to convert well log data into estimated 
salinity data for South Timbalier 54.  The Revil et al. (1998) method focuses on the electrical 
conductivity in the well bore.  The electrical conductivity of a saturated mixture of sand and clay 
grains is a combination of the bulk conductivity in the interconnected pore space and the surface 
conductivity at the grain water interface (Bussian, 1983).   Previously the Waxman and Smits 
(1968) electrical conductivity model was used for the downhole measurement analysis of 
electrical resistivity data.  Revil et al (1998) created an electrical conductivity model which 
showed an improvement in salinity measurements as a result of their improved relationship of 
electrical conductivity as a function of the pore fluid salinity, temperature, water and gas 
saturations, shale content, and porosity.  This method required the use of three well logs from 
one well to work properly.  The model was tested in the Gulf of Mexico in the South Eugene 
Island area (Revil et al., 1998).  The salinity profiles gathered were consistent with sampled 
salinity data from within the field area.  To further test the accuracy of the model, published 
experimental data was also tested by their method.  The model produced consistent results over a 
range of salinity, porosity, cation exchange capacity, and temperature values (see Appendix I for 
a detailed description of the model). 
To use the Revil et al method, the gamma ray log, electrical resistivity log, and the bulk density 
log are required.  The resistivity log is a measurement of electrical resistance.  The resistance is 
an inherent property of all materials to resist the flow of an electric current.  Resistivity is a 
function of a reservoir’s fluid saturation, porosity, type of pore fluid, and mineralogy.  
Hydrocarbons and most minerals act as electrical insulators.  These substances have very low 
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conductivity and are highly resistive to electric flow.  Pore water, and especially saline waters 
are highly conductive and display a low electrical resistivity (Rider, 1991).   
The gamma ray log is the second log that is required for the Revil et al. (1998) salinity 
calculation.  Gamma ray logs measure natural radioactivity in formations and because of this 
measurement, they can be used for identifying lithologies and for correlating zones.  Shale-free 
sandstones and carbonates have low concentrations of radioactive material, and give low gamma 
ray readings.  As shale content increases, the gamma ray log response increases because of the 
high concentration of radioactive material in shale (Rider, 1991). 
 The density log is the third log needed for the calculation of salinity.  This log measures 
the overall density of a rock, including the solid matrix and the fluid enclosed in the pores of the 
rock.  It can assist the geologist to: identify evaporite minerals, detect gas-bearing zones, 
determine hydrocarbon density and evaluate shaly sand reservoirs and complex lithologies.  
Formation density is a function of matrix density, porosity, and density of the fluid in the pores.  
Formation porosity can be determined from the density log if the matrix density and the type of 
fluid in the borehole are known using a simple equation (Asquith and Gibson, 1982). 
The Revil et al. (1998) method seeks to calculate salinity by improving on established 
electrical conductivity models.  They addressed the presence of clay material in the wellbore.  
Clays have a deficit of charge and to balance the charge ions move into the so-called electrical 
double layer.  The double layer consists of ions attached to the solid surface (Stern layer) and 
outside that a diffuse layer (Gooy layer) in which the ions are free to move (Drever, 1997).  
Therefore the clay is non-conductive on the inside and conducts electricity on the outside.  The 
capacity of clays to conduct electricity varies between clay species and appears to depend on the 
surface area available in the clay.  The calculation of the cation exchange capacity (CEC) is 
needed to properly analyze the clay minerals because the surface electrical conductivity is 
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controlled by the cation exchange capacity of the clay minerals.  The CEC is the ability of the 
clay to exchange cations expressed per unit weight of dry clay.  The CEC indicates the number 
of surface exchangeable ions per clay surface. Therefore the differences in conductivity must 
come from the differences in surface area of the clay minerals.  For their study area of South 
Eugene Island, Revil et al. (1998) found that the clay mineralogy did not change down the 
borehole.  They analyzed thin sections to get the clay types and their percentages and found them 
to be fairly constant.  The CEC of the sediments was calculated by multiplying the clay weight 
percentages by the CEC of each clay type (Revil et al., 1998).   
Revil et al. (1998) found out that at high salinities the dominant path for the electro-
migration of the cations is in the interconnected pore space, and that the tortuosity for the 
transport of cations and anions is the same.  The Formation Resistivity Factor (F) is a function of 
the volume of the pores in a rock (porosity) and the way in which the pores are connected 
(tortuosity).  The value is generally the same throughout a rock and changes from one rock to 
another.  Therefore the F is independent of the resistivity.  It would remain constant even if the 
salinity changed, therefore it is also independent of salinity.  However, as the salinity decreases 
the dominant paths for the electro-migration of the cations shift from the interconnected pore 
space to the grains water interface, and therefore are subject to different tortuosities.  The 
independence of surface conductivity for salinity above 10-3 mol L-1 can be explained by the 
saturation of the Stern layer by Na+ ions above this salinity.  At lower salt concentrations we 
would expect a decrease of the surface conductivity corresponding to a decrease of cation 
adsorption in the Stern layer (Revil et al., 1998). 
The calculated salinity is derived from information that the three logs can provide.  The  
density log is used to calculate the porosity of the sediments.  An increase in the porosity results 
in increased pore volume that leads to increased volume of fluid in the pores.  An increased 
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amount of fluid is reflected on the resistivity log because typical fluids are either highly resistive 
or highly conductive.  The resistivity log is affected by the type of fluid in the pore spaces.  
Hydrocarbons are highly resistive and will show a very high reading on a resistivity log.  Brines, 
however, are more conductive and will show a low reading (Spears, 2000).  The gamma ray log 
can be used to determine shale content in the sediment, however, the gamma ray log has 
problems when there is a lot of potassium feldspar in the sands.  Low values are considered to be 
clean sands and high values are shales.  By combing the interpretations locations of high salinity 
waters can be found.  An interval of low gamma ray (clean sand), low density (high porosity), 
and low resistivity (conductive fluid) would be interpretated to be a porous sand filled with brine. 
Salinity Log Data 
The definition of salinity is the same as total dissolved solids.  Total dissolved solids 
(TDS) is the total amount of solids (expressed in grams per liter or parts per million) remaining 
when a water sample is evaporated to dryness (Drever, 1997).  Variations in salinity range from 
freshwater to brine with values ranging from 0 to over 100,000 g/L.  The breakdown of TDS 
values into categories can be seen in Table 1.  The South Timbalier 54 field was formed in a 
fluvial-deltaic to marine environment.  The original, or connate, salinity should be seawater 
salinity or less based on the depositional environment.  Connate refers to the pore waters trapped 
in sediment when it was deposited and buried.  Therefore the salinity of the sediments should be 
a reflection of its depositional environment if the pore fluid has not been replaced by fluid flow 
and/or chemical interactions with the sediment matrix. 
 Two methods were analyzed to estimate salinity from well logs.  The Revil et al. (1998) 
 method and a technique using the spontaneous potential log.  The goal was to use the two 
techniques together to get salinity coverage in the field outside of the 40 wells used in the Revil 
et al. (1998) technique.  The problem was that the two methods produced two very different 
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ranges of value in salinity.  This occurred even in the same wells.  Some of the SP salinity logs 
had the same trend as the Revil et al. (1998) logs but the values were not near each other.  The 
SP salinity logs showed values of seawater salinity or less for the bulk of the log down to depths 
of 1,524 m whereas the Revil et al. (1998) salinity logs showed values above 100 g/L.  The 
problem has to lie in the calculation of each of the techniques and not the published method of 
each.  The spontaneous potential technique involves calculation of the static spontaneous 
potential (SSP).  SSP is calculated by placing a shale line along the maximun value of the log.  
Then for each sand the numerical difference in the value of the shale line and the log is converted 
using an equation by Funayama and Hanor (1995).  The problem may lie in the location of the 
shale line in the SSP technique or in the clay mineralogy of the South Timbalier 54 field.  Clay 
data were not available for the field so the values used in the Revil et al. (1998) method were 
from the South Eugene Island.  The difference in clay makeup could lower the values of the 
Revil et al. (1998) salinity logs.  No salinity data was available for the wells to determine actual 
values so the absolute answer is not known.  The decision was made to show the Revil et al. 
(1998) method data since the values seemed more reasonable noting that both methods produced 
the same trends just not the same value ranges. 
Salinity Log Methods 
 ExxonMobil in the fall of 2001 donated well logs for ninety-one wells in the South 
Timbalier 54 area.  The suite of wells had approximately thirteen different types of well logs 
included with total depths no deeper than 3,048 m  below the seafloor bottom.  The 
measurements on the well logs were taken at six-inch increments down the well.  This accounts 
for the abundance of data within intervals throughout the wells.   
 The well data was sent on a data tape just like the seismic data set.  The well header data 
was loaded using Landmark’s ASCII Loader.  This is a data import program that takes the well 
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Table 1 – Salinity classification chart (from Drever, 1997).  Seawater salinity is equal to 35 g/L.  
Values in g/L can be converted to ppm by multiplying by 1000. 
 
Description TDS 
Fresh water < 1 g/L 
Brackish water 1 – 20 g/L 
Saline water 20 – 100 g/L 
Brine > 100 g/L 
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header information and creates space for that well in the well database.  The well curve data was 
loaded into Curve Loader, which is another data import program under Openworks.  This 
program loads the data into the well database as a well log for a well.  Out of the ninety-one 
wells only forty wells had all three of the required well logs.  The easiest way to perform the 
numerous calculations for the Revil et al. (1998) method was to input the equations into a 
Microsoft Excel spreadsheet program (see Appendix I for equations).  This allows for quick and 
easy calculation of the salinity values.  Microsoft Excel was chosen for its easy use and 
compatibility with other programs.  Once the salinity logs were created in Excel they were 
exported as unformatted text files.  These files were then loaded into Curve Loader.  The logs 
were displayed using Single Well Viewer another program within Openworks.  This program 
was used to display the well logs in depth in order to interpret the salinity results.  The salinity 
well logs for the forty wells can be seen in Appendix II. 
Salinity Log Interpretation and Results 
The forty wells are located on all sides of the salt dome.  There are wells on the 
south, west, east, and north sides of the salt dome.  The wells are either located on various 
platforms or are drilled from a single drilling rig (Figure 16).  The E platform is over the salt 
dome and is represented by the E12 well.  The A platform is directly south of the salt and is 
represented by the A13 well.  North of the salt dome is the 0422-.  The D platform (Figure 17) is 
located southeast of the salt and contains 3 wells, the B platform (Figure 18) is south of the salt 
and contains 8 wells, and the G platform (Figure 19) is west of the salt and contains 23 wells.  
The 019-5 and 020-4 wells are west of the salt dome also.  The interpretation and results of key 
wells that define the salinity regime of the field will be shown and the rest of the wells can be 
seen in Appendix II. 
 The well that is located directly south of the salt dome is the A13 well.  Figure 20 shows  
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Figure 16 – Map view showing well locations and drilling platforms.  The location of three wells 
are shown by the circles.  The squares show the locations of the drilling platforms that contain 
the other 37 wells used to estimate salinity.  The 914 by 914 meter blocks (54, 55, 67, and 68) 
are shown.  The outline of the salt dome is also shown. 
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Figure 17 – Map view of the D drilling platform.  This shows the direction of the well paths for 
the D platform wells from map view.  This view only shows how far out the wells extend.  The X 
shows the bottom of each well. 
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Figure 18 – Map view of the B drilling Platform.  This shows the direction of the well paths for 
the B platform wells from map view.  This view only shows how far out the wells extend.  The X 
shows the bottom of each well. 
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Figure 19 – Map view of the G drilling platform.  This shows the direction of the well paths for 
the G platform wells from map view.  This view only shows how far out the wells extend.  The X 
shows the bottom of each well.
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Figure 20 – Salinity, gamma ray, density, and resistivity log printout of A13.  The salinity log is 
shaded for salinities greater than 35 g/L (seawater). 
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the well log printout of the A13 well taken from Appendix II.  Each printout has a header 
showing the universal well ID, operator of the well, lease name, well number, elevation of the 
kelly bushing, and the total depth of the well.  In the Appendix the wells are shown in order 
according to the well number.  The depth scale is located on the left and is in measured depth 
(MD) or true vertical depth sub sea (TVDSS).  Measured depth is depth recorded along the 
borehole from the Kelly bushing, while true vertical depth sub sea is the vertical depth to that 
point from the bottom of the sea.   
Four well logs are shown for each well.  The logs are listed from left to right as the 
salinity (SAL1), gamma ray (GR), density (RHOB), and resistivity log (ILD).  The salinity log 
scale is from 0 to 180 g/L with salinity values above seawater (35 g/L) highlighted in yellow 
(light grey for black and white copy).  The gamma ray log scale is from –60 to 150 with sands 
having a lower gamma ray value.  The density log scale is from 1.9 to 2.5 kg/cm3.  The 
resistivity log scale is a log scale from 0.1 to 25.   
The A13 was drilled to 2560 meters.  The A13 well salinity log starts out at about 1,775 
meters and ends at approximately 2,549 meters.  The log starts out with values around 35 g/L.  
As the depth increases the salinity increases.  This increase in salinity is also accompanied by a 
decrease in the gamma ray log thus indicating cleaner sand.  This sand occurs at approximately 
1,981 meters.  Below this depth we go into a lower salinity zone with the values ranging from 
35-40 g/L for about 61 meters.  This zone is followed by another zone of thick-clean sands with 
salinity values ranging between 60-80 g/L starting at 2,133 meters.  The two thick sands below 
2,133 meters correspond to low gamma ray values.  Also the density log is low indicating that 
the sand has good porosity.  The resistivity values are also low for these sands.  This is 
interpreted as brine filled sand based on the Revil et al (1998).  This is a good example of how 
information from the three logs work to create a salinity log.  Below this zone the sands are 
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relatively thin with salinities in the 50’s.  After 2,438 meters, there is thick clean sand with 
salinity of 80 g/L.  
The E12 well is located above the salt dome and has a total depth of 6498 feet.  The 
salinity log for this well extends from 889 meters down to 1,303 meters (Figure 21).  This well is 
the best example of illustrating and verifying that the salinity technique used calculates accurate 
salinity values.  Figure 21 is the well log data table taken from Appendix II.  The salinity log 
starts off with TDS values of 50 g/L, which are located in shaly sands.  These sands grade into 
shale then into thick sands.  These clean sands contain salinities of 80-100 g/L.  These sands 
correspond to low resistivity values, which indicate the sands are filled with saline waters.  Shale 
and shaly sands make up the rest of the well with the TDS values ranging from 35-65 g/L.  
Below 1,341 meters the borehole encounters a more sandy section. 
East of the salt dome is the D19 well (Figure 22) which has a total depth of 1,554 meters.  
The salinity log for the D19 starts out at 763 m and continues down to 1,544 m.  For the first 152 
m the salinity values range from 25 g/L to 35 g/L.  The gamma ray log shows thin shaly sands 
within a shale matrix.  At 914 meters the sands become cleaner and any shale is almost 
nonexistent for the next 213 meters.  The salinity values increase to 85 g/L and 90 g/L in the two 
cleanest and thickest sands within this zone.  After the second thick sand there is a zone of shale 
and thin sands.  The salinity values range from 35-40 g/L until another thick clean sand is 
reached.  This clean sand however doesn’t have the high salinity of the previous two sands.  Its 
values are in the low 40s.  Next there is a shale layer followed by a few thin sands and thick 
clean sand.  The salinities increase from 35-40 g/L in the shale and up to 85 g/L in the thick sand. 
South of the salt dome there is the B26ST well that was drilled down to 2,072 m.    The 
B26ST salinity log (Figure 23) extends from 853 m to 2,045 m and is shown in figure 20.  In the 
first 335 meters of the salinity log the values range from as high as 110 g/L down to 30 g/L.  The 
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Figure 21 – Salinity, gamma ray, density, and resistivity log printout of E12.  The salinity log is 
shaded for salinities greater than 35 g/L (seawater).
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Figure 22 – Salinity, gamma ray, density, and resistivity logs for the D19 well.  The salinity log 
is shaded for salinities greater than 35 g/L (seawater). 
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 Figure 23 – Salinity, gamma ray, density, and resistivity logs for the B26ST well.  The salinity 
log is shaded for salinities greater than 35 g/L (seawater). 
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highest salinities occur in the cleanest sands.  Near 1,219 meters there is a thick clean sand 
followed by 243 meters of shale with small shaly sands.  The salinities in the clean sand are in 
the low 30s and the shale sequence ranges from 25 to 35 g/L.  At about 1,493 meters a sand 
dominated sequence begins.  The first 91 meters contains two thick sands while the rest of the 
borehole is filled with thin sands.  The shale content varies with the thick sands being the  
leanest.  On the salinity log (Figure 23) for the B26ST there is an increasing salinity trend with 
depth for this sand dominated section.  The salinity starts out at 85 g/L around 1,493 meters and 
increase down the well bore to a high of 110 g/L near the bottom of the well. 
 The salinity data for the South Timbalier field can be grouped into four categories based 
on the changes in salinity with depth.  The data has been compiled into Table 2.  The first 
salinity zone ranges from 20 to 30 g/L, the second zone from 60 to 130 g/L, the third zone from 
30 to 45 g/L, and the fourth salinity zone from 60 to 110 g/L. 
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Table 2 – Salinity zone description chart.  Table showing the salinity values in each of the 
salinity zone based on the Revil et al. (1998) method. 
 
Salinity Zone # Description of Each Zone 
1 Salinity range of 20 to 30 g/L,  
shaly sand/shale zone 
2 Salinity range of 60 to 130 g/L,  
sand dominated 
3 Salinity range of 30 to 45 g/L, 
shale dominated 
4 Salinity range of 60 to 110 g/L, 
sand dominated 
 
CHAPTER 5 – INTERPRETATION OF THE MUD WEIGHT DATA 
Extensive pressure data for the South Timbalier 54 field was not available.  Mud weight 
data were available through the well log headers from various wells in the field.  The well 
headers were from paper copies of logs checked out from the Mineral Management Service.  The 
Minerals Management Service is the Federal agency that manages the nation's natural gas, oil 
and other mineral resources on the outer continental shelf.  Most of the well headers had mud 
weight data for shallow portions of the field down to 2,743 meters.  Only one well had mud 
weight data that extended beyond 3,048 meters.  This was the 1035 #2 well which is located 
south of the 0422-2 well.  Figure 24 shows the location of the well relative to the surrounding 
wells and the salt dome.  This well is significant because it is the only well that shows a 
significant increase in mud weight.  The mud weight from the other wells range from 9 – 10 
lb/gal.  The mud weight for the 1035 #2 well ranges from 9.5 – 15.3 lb/gal.  The mud weight data 
can be placed into the following formula to calculate the geostatic ratio: 
Geostatic ratio (psi/ft) = mud weight (lb/gal) x 0.052 (gal/(in2 x ft)) 
This is not an accurate calculation for overpressure because mud weights are increased to 
prevent well blowouts.  The mud weight data that increase significantly with depth would 
represent a transition from hydropressure to overpressure.  The hydropressured fluids should 
have a geostatic ratio of approximately 0.465.  The problem with this idea is that drilling fluids 
are overweighted to prevent blowouts so 0.6 would be a more accurate value of hydropressured 
fluids.   
According to Table 3 the geostatic ratio for 1035 #2 well shows an increase from 
hydropressure to overpressure between 3,660 m and 3,963 m.  The transition is below the top of 
the salt, which is at 10,000 feet.  The overpressured region is located on the flanks of the  
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Figure 24 – Map view showing the location of the wells relative to the salt dome.  The location 
of the 1035-2 well is shown.
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Table 3 – Mud weight data from the 1035 #2 well.  This data was obtained from the Mineral 
Management Service via paper well logs.  The location of the well is unknown at this time but it 
believed to off to the side of the salt dome since the salt is at 3,048 meters.  The mud weights are 
converted to geostatic ratio to see if there is overpressure located at depth.  Geostatic ratio values 
less than .6 psi/ft represent hydropressured areas. 
 
Mud Weight Density 
(lb/gal) 
Interval Depth 
(ft) 
Interval Depth 
(m) 
Geostatic Ratio 
(psi/ft) 
9.5 497 – 3,014 151 – 918 .494 
10.2 3,014 – 9,038 918 – 2,754 .5304 
10.7 9,038 – 11,062 2,754 – 3,371 .5564 
11.4 11,062 – 12,011 3,371 – 3,660 .5928 
14.0 12,011 – 13,002 3,660 – 3,963 .728 
15.3 13,002 – 13,445 3,963 – 4,098 .7956 
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salt dome (Figure 25).  Other geostatic ratio measurements from nearby field areas have similar 
values.  A cross section done by Nikiel and Hanor (1999) shows geostatic ratio measurements 
from onshore to offshore Louisiana (Figure 26).  The location of South Timbalier 77 is shown on 
the cross section.  This block is located 11 miles west of South Timbalier 54.  The geostatic 
ratios for South Timbalier 77 show overpressure to occur between 4,267 and 4,572 meters. 
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Figure 25 – Model of original seismic cross section showing the approximate location of overpressure.  The top of overpressure is 
based on geostatic ratio data calculated from the 1035-2 well.  The top of overpressure is approximately 3,810 meters.  The location of 
the faults is shown.  The major faults are bold.  The locations of the salt and the Lafourche channel are also shown.  The scale on the 
left is in TWTT in milliseconds.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 26 – Nikiel and Hanor (1999) cross section from onshore to offshore Louisiana.  
Geostatic ratio and Salinity data are plotted.  The ST 77 field is South Timbalier 77.  This field is 
located 11 miles west of South Timbalier 54 and shows a similar depth of overpressure. 
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CHAPTER 6 - INTERPETATION OF FIELD DATA 
 The salinity logs for each individual well have been interpreted.  This is good for getting 
a detailed view of various locations in the field but the object of the research is to get an idea of 
how and if saline pore waters have migrated throughout the field.  To see how each well fits into 
the fluid flow process of the field it is necessary to look at cross sections through the field.  By 
comparing two or more wells with the locations of faults we can get a better grasp on how the 
saline waters have gotten to where they are located today.   
 The problem with looking at the wells and the seismic data at the same time is that they 
are in different formats.  The well data is in depth.  The seismic data is in time.  To look at both 
the wells and the seismic in the same window they must be converted to the same format.  The 
seismic data can be converted to depth, which would allow all data to be viewed in feet rather 
than milliseconds.  To do this a velocity model for the whole field would have to be created 
using velocity or sonic data from numerous well logs from within the field.  A sonic log would 
measure the interval transit time of a compressional sound wave traveling through one foot of 
formation (Asquith and Gibson, 1982).  With these data it would be possible to model the field 
since the velocity of each rock unit would be known.  There was no velocity data donated in the 
log suite, however, this method could not be used.  The other choice is to convert the well data 
from depth to time.  This can be done with a few time depth tables from anywhere in the field.  
The website for the Mineral Management Services (http://www.mms.gov) had some public data 
for the South Timbalier 54 field.  There were two time depth tables for two separate wells within 
the field in this public data set (see Table 4).  The problem with putting this data into Openworks 
was that the time data was not converted to TWTT.  To get the correct correlation between time 
and depth the time data must be multiplied by two.  The corrected time to depth tables were 
manually entered into the Well Data Manager in Openworks.  This program manages the data for 
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 Table 4 – Time to Depth Data Table.  Public data set take from the Mineral Management 
Services website.  Note time is one way travel time. 
 
028-1  G24 
Time (ms) Depth (ft)-(m)  Time (ms) Depth (ft)-(m) 
0 0-0  0 0-0 
179 901-214  37 185-56 
200 1,029-313  200 1,114-339 
261 1,401-427  246 1,376-419 
300 1,651-503  300 1,721-524 
339 1,901-579  322 1,861-567 
400 2,297-700  389 2,330-710 
416 2,401-731  400 2,407-733 
488 2,901-884  491 3,044-927 
500 2,989-911  500 3,112-948 
556 3,401-1,036  533 3,358-1,023 
600 3,730-1,136  576 3,674-1,119 
623 3,901-1,189  600 3,855-1,175 
690 4,400-1,341  663 4,332-1,320 
700 4,478-1,364  700 4,619-1,407 
755 4,900-1,493  724 4,805-1,464 
800 5,257-1,602  738 4,912-1,497 
817 5,391-1,643  751 5,018-1,529 
   800 5,421-1,652 
   830 5,668-1,727 
   868 5,986-1,824 
   900 6,261-1,908 
   929 6,510-1,984 
   973 6,902-2,103 
   984 7,002-2,134 
   995 7,101-2,164 
   1000 7,148-2,178 
   1017 7,306-2,226 
   1052 7,646-2,330 
   1074 7,879-2,401 
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 all the wells within South Timbalier 54.  Once the data has been entered each of the two wells 
can be projected into the seismic data set in time.  The only problem left was to figure out how to 
get all the wells to be displayed in TWTT within Seisworks.  By using an option from one of the 
menus to apply the time depth tables to all the wells within the field the rest of the wells were 
displayed along with the seismic data.  Now it was possible to display any of the wells in TWTT 
along with the seismic data to examine some cross sections across the field.   
Cross Section 1 Interpretation 
The first cross section line (Line 1) that will be examined is a north-south line.  This line 
runs through the E12 and near the D platform, which well D19 will represent.  The location of 
the line can be seen in figures 27 and 28.  Figure 29 is a model of Line 1 showing the 
interpretation of fluid migration.  The well paths for each of the wells are show in the cross 
section with a different well log on each side of the well.  On the left side is the gamma ray log 
in order to interpret where the sands and shale are located.  The salinity log is located on the right 
side to interpret the salinity results.  Line 1 shows the major faults of the field.  The middle of the 
section line crosses the major graben caused by the two major faults in the area.  There is also a 
small horst block in the center of this graben.  The D19 well is in the middle of the figure and the 
E12 is off to the right.  The first thing that was noticed about well D19 was that the top of the 
salinity log had a very high value.  This is interpreted to be a result of the resistivity log.  It is the 
result of actual values or errors in the log.  The high values are interpreted to be errors in the log.  
The D19 salinity log began in the Lafourche channel.  As stated before, this was a fluvial-deltaic 
channel of the Mississippi river therefore it should be a dominant source of fresh to 
brackish waters.  The salinity log for the D19 well shows evidence of TDS values lower than 
seawater.  The values range from 25 to 35 g/L.  The channel is the youngest event within the 
history of the field so these values should reflect the connate salinity of the fluvial-deltaic 
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Figure 27 – Map showing location of Line 1 relative to the other wells, drilling platforms, 
and the original cross section line. 
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 Figure 28 – Cross section Line 1.  Line crosses through the D platform and the E platform for which the D19 and E12 are representing 
each platform.  The well paths (center line) are projected in time.  The gamma ray log is on the left and the salinity log (from 
Appendix II) is on the right.  The dotted patterns represent fault interpretations.  The fault to the far left is the major counter-regional 
fault.  The fault cutting the E12 well is the major regional fault.
 
 
Figure 29 – Model of Line 1 showing the interpreted method of fluid flow up faults and into the four salinity zones.  The D19 and E12 
wells are shown.  The locations of the salinity zones are show relative to the faults and wells.  Fluids are interpreted to have migrated 
up the fault and into the surrounding sediments.  The brackish waters of the Lafourche channel cause the low salinity in zone one.  The 
low salinity of zone three is the result of the low permeability of the shale.  The vertical scale is in milliseconds.
 
 
sediments.  The area of the D19 well within salinity zone one is the result of the brackish waters 
of the Lafourche channel.  Below the channel the D19 well enters a zone where there are bright 
reflectors in the seismic display.  The bright reflectors correspond to the salinity highs in the 
upper portion of the salinity log.  These bright reflectors can be mapped across the cross section 
to the E12.  Where the bright reflectors cross the E12 borehole are the highest TDS values for the 
E12 well.  While mapping the reflectors across from the D19 well to the E12 well the high 
salinity sand crosses a fault down to the salt.  There is also another fault, which is down to the 
salt.  From the gamma ray and density log it is evident that the sands are fairly clean and porous.  
The sands of this section were filled with brines that migrated up the fault and into the porous 
sands.  It is likely that these sands have a high permeability resulting in the brines migrating 
laterally throughout the sand. 
It is likely that saline waters have migrated up the two major faults into this sand unit and 
and the other sediments adjacent to the faults.  Salinity zone three below the clean sands in both 
wells has low salinity.  The salinity values range from 35 to 45 g/L.  This zone is the same in 
both wells and contains shale with shaly sand in the middle.  This would be expected because 
shales typically have very low permeability making it harder for fluids to move through them but 
not impossible.  The shaly sand that is within the shale unit has a much lower salinity than the 
upper sand.  If we look at the seismic reflectors for this sand they are different from the high 
salinity sand.  The shaly sand has a set of jumbled reflectors instead of the smooth uniform 
reflectors of the first sand section.  This may be one of the reasons why the sand doesn’t have a 
higher salinity.  The shale and sand of salinity zone three must have low permeability to explain 
why there salinities are low. 
Near the bottom of the D19 well, the TDS values increase again.  This increase in TDS 
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value corresponds to the top of salinity zone four.  The gamma ray shows fairly clean sand and 
the seismic reflectors are more layered than the previous sand unit.  The sand can be mapped 
over to the nearest fault, however this sand unit is not present in the E12 well.  This sand unit has 
been faulted out of the E12.     
Cross Section 2 Interpretation 
 The second cross section line (Line 2) cuts the field from west to east.  The Line 2 
extends from near the G platform and across the A and D platforms (figures 30 and 31).  Figure 
32 is a model of Line 2 showing interpretations of fluid flow.  There are three wells on this cross 
section line.  From left to right the wells are the 019-5, A13, and the D19.  From first inspection 
of Line 2 the fault picks are not as straight as they were in the first cross section.  This is because 
the cross section cuts the faults closer to their strike whereas Line 1 cut the faults perpendicular 
to their dip.  The 019-5 well is on the upthrown side of the major counter-regional fault relative 
to the D19 well.  The 019-5 starts in salinity zone two, which can be correlated to the D19 well.  
The seismic reflectors for salinity zone two can be mapped across to the 019-5 well location.  On 
the upthrown side of the fault the reflectors are weaker than the strong signal that characterized 
the downthrown sediments.  While the reflectors are not as bright they are brighter than the 
surrounding sediments, which may be a result of the 019-5 well being on the upthrown side of 
the major counter-regional fault.  After salinity zone two is the low salinity unit, salinity zone 
three, that includes thick shaly sand within shale.  The A13 well is the deepest well in the field 
and occurs in salinity zone four.  The well is dominated by thick and thin clean sands.  The TDS  
values range from 35 g/L at the top of the A13 to a high of 80 g/L in the thicker sands.  The well 
is located between the major counter-regional fault and another fault to the west.  
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Figure 30 – Map showing location of Line 2 and other cross sections. 
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 Figure 31 – Cross Section Line 2.  Line 2 passes through the 019 5 well, the A drilling platform, and the D platform.  The lavender 
fault in the middle that cuts the A13 well is the major counter-regional fault.
 
  
Figure 32 – Model of Line 2 showing fluid flow up faults and into the four salinity zones.  The major counter-regional fault is in bold.  
The model contains the 019-5, A13 and D19 wells. Fluids are interpreted to have migrated up the fault and into the surrounding 
sediments.  The brackish waters of the Lafourche channel cause the low salinity in zone one.  The low salinity of zone three is the 
result of the low permeability of the shale.  The vertical scale is in milliseconds.
 
Cross Section 3 Interpretation 
 The third cross section (Line 3) starts at the western corner of the field and moves to the 
northeast.  Line 3 passes through the B platform and the D platform (Figures 33 and 34).  Figure 
35 is a model of Line 3 that shows the interpretation of the fluid flow.  The B26ST well 
represents the B platform and the D19 well represents the D platform.  The B26ST well starts out 
with the same high salinity sand unit of salinity zone two that was seen in the other cross 
sections.  The TDS values for salinity zone two peak at 110 g/L for the B26ST well.  Salinity 
zone three, that is below the high salinity sand unit, is shale with thick clean sand in the middle.  
Even though this sand unit is thick and looks similar to the previous sand unit it contains a TDS 
value equal to seawater salinity.   By looking at the reflector in the seismic data this sand can not 
be correlated back to the major fault because the sand reflectors disappear.  This is interpreted to 
show that the sand is not in communication with the other sediments of the field.  The salinity 
values of this sand should represent near fluvial or deltaic (connate) salinity values if fluids 
migrating up the fault had not penetrated the sand.  That would explain why the salinity values 
for this thick sand are lower than for the other thick sands in the field.   
Below salinity zone three is a zone of thick and thin clean sands with some shaly sands.  
This part of the B26ST well is located between two faults.  The deeper the well goes the closer it 
gets to the major counter regional fault.  The B26ST salinity log shows an increase in salinity 
from the beginning of salinity zone four until the bottom of the log.  The TDS values range from 
50 g/L to 110 g/L.  This salinity log is similar to the A13 in Line 2.  The difference is that the 
B26ST salinity log increases with depth compared to the A13.  This is a result of the B26ST well  
being closer to the major counter-regional fault.  The proximity of the major fault would increase 
the salinity as the well approached the fault if saline fluids were migrating up the major faults. 
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Figure 33 – Map showing the location of Line 3 and all of the other cross sections. 
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 Figure 34 – Cross Section Line 3.  Line 2 passes through the B and D drilling platforms.  The lavender fault to the far left is the major 
counter-regional fault.
 
   
 
Figure 35 – Model of Line 3 showing fluid flow up faults and into the four salinity zones.  The B26ST and D19 wells are shown.  The 
major counter-regional fault is in bold.  Fluids are interpreted to have migrated up the fault and into the surrounding sediments.  The 
brackish waters of the Lafourche channel cause the low salinity in zone one.  The low salinity of zone three is the result of the low 
permeability of the shale.  The vertical scale is in milliseconds.
 
CHAPTER 7 – DISCUSSION 
High salinity waters have been studied in the Gulf Coast region for many years (Hanor, 
1983).  Many of these fields contain salt dome structures at depth or at the surface and have been 
used to get a better understanding of high salinity waters (Spears, 2000; Nikiel and Hanor, 1999; 
Bennett and Hanor, 1987; Ranganathan and Hanor, 1988).  This is significant because salt is a 
direct source of dissolved ions if it is dissolved by fluids in the surrounding rocks.  The location 
of this research area is in South Timbalier 54.  This field contains a salt dome and is located in 
the Gulf Coast region along the shelf where many other salt dome fields have been studied 
(Waguespack, 1983).  The presence of saline waters has been shown by the calculation of the 
salinity logs for this field.  The majority of the wells show TDS values higher than seawater 
salinity.  Now that there are saline waters in the field it is important to find out the origin of the 
saline waters.   
How Did the Saline Pore Waters Get into the Sediments of South Timbalier 54? 
The origin of saline waters has been discussed for many years.  Three main mechanisms, 
have been proposed:  membrane filtration, burial of surface-produced brines, and subsurface 
dissolution of salt (Bennett and Hanor, 1987).  Of the three mechanisms subsurface dissolution 
of salt is most likely in South Timbalier 54.  The burial of surface brines could not have occurred 
within the formation of this field.  The sediments were formed in a fluvial-deltaic to marine 
environment.  The same environment experienced high sedimentation rates.  Throughout the 
field history there is no evidence of evaporite producing conditions (Stude, 1978).  So therefore 
the burial of subareally-produced brines could not have occurred in this field.  Membrane 
filtration involves hydraulically-driven fluid flow across a semipermeable shale or clay layer 
(Graf, 1982).  The shale or clay layer acts as a barrier to ions but at the same time lets neutral 
molecules go through.  This essentially traps the dissolved solids beneath the rock layer thus 
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increasing the salinity of the sediments.  The process would create a generalized salinity profile 
that would have saline waters below the semipermeable layer while above the layer there would 
be only fresh or brackish waters.  The observed salinity values would also decrease upward 
through the deeper overpressured section below the semipermeable layer (Hanor, 1994).  The 
saline pore waters below the shale layer are overpressured in the model but may not be 
overpressured in the field area since no pressure data were available.  The South Timbalier 54 
salinity logs do show saline waters deep in the section.  These waters exist below a shale layer, in 
salinity zone three, interbedded with shaly sands.  If these were the only data then this might be a 
viable conclusion but there are also saline waters above this thick shale layer (Figures 29, 32, and 
35).  The evidence from the salinity logs show that saline waters have migrated through out the 
section above and below this shale layer.  Therefore there is no shale or clay layer that acts as a 
semipermeable layer trapping saline waters below it in this field.   
The second mechanism that could be a source of saline waters is the burial of surface 
brines.  This mechanism requires that there be an environment suitable for evaporites to be 
deposited at the surface.  Once they are deposited they may be dissolved forming saline waters at 
the surface.  These waters would then precipitate out salt gradually over time thus increasing the 
amount of salt within that area turning them into brines.  The evidence that shows that these 
brines would have come from surface brines and not subsurface brines is by analyzing the Br and 
Cl ratios.  Rittenhouse (1967) suggested that when seawater evaporates the Br/Cl ratio of the 
residual brine remained fixed at the normal seawater values until NaCl began to precipitate out.  
As the NaCl took away more and more Cl the Br would remain in the residual brine thus 
increasing the Br/Cl ratio for surface evaporated brines.  For subsurface brines the dissolution of 
NaCl would have a Br/Cl ratio lower than seawater because halite has a low Br/Cl value.  To test 
this hypothesis chemical data from the pore waters would be needed.  However, no chemical 
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data, were donated along with the seismic and well data.  To further analyze this possibility one 
could look at the formation history of the field to see if there was any possible evidence of 
surface brines.  The field history for this field concludes that the environment consisted of 
fluvial-deltaic to marine deposits.  This environment doesn’t suggest that there could have been a 
dry area where evaporites could have formed.  The amount of sediments being deposited during 
this time would also negate the idea that the area could have produced salt deposits.   
The preferred mechanism, occurring in South Timbalier 54, states that brines come from 
subsurface dissolution of salt deposits.  Many of the fields in the Gulf Coast region have salt 
structures beneath the surface.  Therefore the idea that salt could dissolve from reaction with 
subsurface fluids is very likely.  In fact this mechanism has been documented to occur in many 
areas of the Gulf Coast region (Land and Macpherson, 1992; Ranganathan and Hanor, 1988;  
Bennett and Hanor, 1987; and Spears, 2000).  Manheim and Bischoff (1969) even stated that 
there is direct evidence for the diffusion of dissolved salts away from evaporite layers within the 
Northern Gulf of Mexico.  Chemical analyzes from Land and Macpherson (1992) show that in 
the Gulf of Mexico water types above areas underlain by the Louann salt have Br/Cl ratios lower 
than seawater which is the opposite of the mechanism for burial of surface brines.  Looking at 
the data for the South Timbalier 54 field this mechanism best explains the source for the saline 
waters within this field.  The field is underlain by a salt dome, which is a remnant of the Louann 
Salt sheet laid down in the Gulf of Mexico.  The top of the salt sits at a depth of 3,048 meters 
below the sea bottom.  While none of the salinity logs penetrate the salt the deeper salinity logs 
show increasing salinity with depth.  This suggests that the deeper the wells go the closer they 
get to the possible source of dissolved solids, which in this case is the salt dome. 
Where Are the Saline Pore Waters Located? 
The source of the high salinity waters has been interpreted to be from the subsurface salt 
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dissolution at South Timbalier 54.  Looking at the salinity logs there are four areas of different 
salinity.  The first area is the Lafourche channel.  This channel is a source of fresh to brackish 
water for the upper region of the field (see figures 29, 32, and 35).  This only applies to the 
sediments that are within the channel and extends down to 914 m.  The area below the channel is 
a sand dominated zone.  This zone contains very high TDS values and occurs from about 914 
meters to 1,158 meters.  Pore water salinity values are much higher than seawater salinity and 
even reach brine concentrations according to classifications in Table 1.  The third area is a zone 
of low pore water salinity sediments.  These sediments consist of thin to thick shaly sands within 
a large shale layer and extend from about 1,158 m to about 1,524 meters.  This zone is a result of 
the very low permeability of shale.  The shaly sands in this interval are discontinuous in the 
seismic data and are disconnected from the rest of the field.  The fourth zone is sand dominated.  
This zone differs from the first zone in that it is mostly thin clean sands with only a few thick 
sands whereas the first zone is mostly thick clean sands with only a few thin sands.  This zone 
extends from about 1,524 meters down to the deepest well location.  Therefore there must be 
some processes that could explain the separated zones of high salinity waters in this field. 
How Did the Saline Pore Waters Get to Their Present Location? 
Fluid flow around salt domes can be the result of three conditions occurring within a 
field.  These three conditions are density variations, elevation variations, and pressure variations.  
Density variations deal with fluid flow driven by internal differences in fluid density.  Higher 
density fluids are stable below lower density fluids.  Therefore, excluding all other factors, these 
fluids would rearrange themselves or convect to correct the imbalance caused by the inversion of 
fluid density values.  Elevation variations deal with differences in elevation that provide the 
ability for fluids to flow based on the fact that gravity pulls fluids down to lower elevations with 
regards to the potentiometric surface (Hanor, 1987).  This would explain why fluids would flow 
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down dip or deeper into a sand-dominated sequence.  Pressure variations deal with the 
movement of fluids from areas of high pressure to areas of low pressure.  Pressure increases with 
depth within a basin.  Therefore the deeper you go into the subsurface the closer you get to 
possible overpressured sediments.  It is in this area that overpressured sediments can release 
fluids, which can migrate into lower pressured sections.   
The preferred mechanism to explain the salinity variations in South Timbalier 54 is 
pressure variations within the sediments.  Pressure variations are the preferred method to explain 
high salinity located in zone two of the salinity regime.  The elevation of the sand unit within the 
field leads to the idea that the saline waters located within the sands have been forced there from 
another section of the field.  This is evident because above this zone is the brackish water area 
zone from the Lafourche channel and below is the seawater salinity zone of the thick shale.  This 
means that there has to be a mechanism that could move fluids from a lower depth up into the 
sand while not changing the salinity of the shale unit.  This can be explained by fluid flow along 
permeable fault planes.  Bennett and Hanor (1987) conducted a survey of the Welsh dome in 
southwestern Louisiana in which they found evidence that fluids can migrate up along faults 
within the field area.  From salinity analysis they found a high TDS plume above the salt dome.  
They had fluid pressure data, which showed an area of overpressure on the flanks of the salt 
dome.  However, to determine the direction and rate of fluid flow the hydraulic conductivity of 
the sediments must be known (Garven and Freeze, 1984).  Bennett and Hanor had not yet 
completed the calculations but instead made some qualitative interpretations based on field 
evidence.  They concluded that it was likely that overpressured fluids migrated up along the salt 
flank and up through faults located on top of the salt dome to areas above the salt dome to depths 
as high as 1.5 kilometers (Bennett and Hanor, 1987). 
Bennett and Hanor (1987) found a similar pressure regime at the Welsh dome in 
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southwest Louisiana (Figure 36).  The top of overpressure was found to be on the side of the salt 
dome.  They concluded based on locations of high salinity that saline pore waters migrated up 
the side of the salt from the overpressured sediments.  Then the saline waters migrated into a 
fault connected to the salt dome.  The section above the salt dome contained high salinity waters 
that were a direct result of fluids migrating up the fault into the section above the salt dome.   
The South Timbalier 54 fluid flow model is similar to the interpretation from the Welsh 
dome.  In this study the best explanation for the salinity variations in the field is explained by the 
expulsion of overpressured fluids along the two major growth faults.  The top of overpressure is 
between 3,660 and 3,963 m based on the mud weight data from the 1035 #2 well (Figure 37).   
The fluids migrated up the side of the salt and into the two major growth faults.  Expulsion of 
fluids up the growth faults into the section overlying the salt dome creating salinity zones two 
and four (Figures 29, 32, and 35).  Salinity zone 3 is the result of trapped connate fluids.  The 
values are 30 – 45 g/L, which is near seawater salinity.  The low values in salinity zone one are 
the result of meteoric water moving through the Lafourche channel flushing out the connate pore 
waters.  Appendix III is a table listing all the wells and the salinity zones that they penetrate. 
The only other method to explain the salinity regime that is present in this field is 
migration down dip of brines from an up dip salt dome.  Figure 26 shows evidence of a brine 
plume that has migrated down dip and across many kilometers.  The cross section line runs 17 
kilometers west of the South Timbalier 54 field.  The field is not down dip of the same structures 
as the cross section.  The field is down dip of the Bon Marchand field, which contains a large salt 
dome, off the coast of Louisiana.  The Bon Marchand salt dome is located approximately 609 m 
below the seafloor whereas the South Timbalier 54 salt dome is 3048 m below the seafloor.  It is  
logical to think that brines from the Bon Marchand salt dome could have migrated south into the 
South Timbalier field but evidence from this research shows that the faults are the sources of the 
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Figure 36 – Fluid Flow model taken from Bennett and Hanor (1987).  They concluded that saline 
waters were being forced up the side of the salt dome to the top.  Near the top the saline fluids 
were forced into a fault and migrated into the section above the salt dome.  This model was used 
to explain how high salinity fluids were found above the salt dome. 
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 Figure 37 – Model of original cross section line.  The top of overpressure is between 3,660 to 3,963 meters.  The lines on the 
side of the salt dome represent approximately 12,500 feet.  The sediments below this section are overpressured.  This could drive 
fluids up the side of the salt dome.  The fluids can cause dissolution of the salt dome which can account for the high salinity zones in 
the field.  These fluids are then forced into the major growth faults in bold.  The vertical scale is in milliseconds.
 
 
high salinity waters.  The evidence from the B26ST well showing an significant increase in 
salinity the closer the borehole gets to the major counter-regional fault suggests that the 
expulsion of fluids up the faults explains the salinity regime rather than the migration down dip 
of fluids from another field. 
Overpressured sediments are an indication that pore water was not released from a rock 
layer at a sufficient rate for the pore water to remain under hydrostatic pressure during 
compaction.  In the Northern Gulf Coast area it has been shown from field studies in the North 
Gulf of Mexico area that compaction disequilibrium plays a role in the generation of 
overpressures (Hart et al, 1995; Spears, 2000; and Revil et al., 1998).  Hart et al (1995) 
concluded that compaction disequilibrium was the dominant pressure generation process within 
the field, which accounted for 75% of the observed overpressure.  The remainder was thought to 
be due to pore-pressure generation at depth.  However, an increase in the rate of compaction, due 
to higher sedimentation rates, would increase the fluid flux and could cause overpressure as has 
been suggested by Vasseur et al. (1985). 
Evans et al (1991) did a numerical study on groundwater flow near salt domes.  Their 
purpose was to test several mechanisms to see if they could get upward groundwater flow near 
salt domes.  Their numerical experiments tested free thermohaline convection, preferential 
dissolution of salt near the dome crest, and solute transport and viscous drag from the flow of 
shallow groundwater.  All their simulations resulted in the fluid flowing down along the edge of 
the salt dome except for when the salinity of the ambient groundwater was high.  Therefore they 
suggested that upward fluid flow would have to be a result of thermohaline convection or 
possibly the release of geopressured waters.  
Faults play a variable role in local flow systems.  While there is abundant evidence that 
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some faults have acted as conduits for fluid flow, other faults can seal off and compartmentalize 
masses of fluid (Hanor, 1987).  The movement of fluids along fault surfaces depends on the 
properties of the fault zone.  For fluids to move within the fault zone it must have a high 
permeability to account for the movement of fluids otherwise the fault would act as a barrier to 
fluid flow.  Roberts et al. (1996) did a study on the differences in fluid expulsion along faults if 
the fault permeability was constant or if it decreased with fluid pressure.  This was done to test 
how fluids could move upward through the overlying hydrostatically pressured sediments.  The 
results of their simulations showed that the fluid pressure increased first in the lower sands, 
which were filled with expelled fluid sooner than the higher sands.  In the variable fault 
permeability simulations the permeability decreases rapidly in the first years of an expulsion 
event and the primary migration pathway for fluid is along the permeable sand layers instead of 
vertically up the fault zone, as in the constant fault permeability simulations.  Therefore, to get 
fluids to stratigraphically higher sediments the fault zone has to have a high permeability because 
if it were low only the sediments directly above the top of geopressure would encounter the 
expelled fluids. 
 
CHAPTER 8 – CONCLUSIONS 
The South Timbalier 54 field was formed in a fluvial-deltaic to marine environment.  The 
connate pore water salinity of the sediments should be a reflection of its environment.  Therefore 
the original salinity of the pore fluids within this field should reflect fluvial to marine values.  
The South Timbalier 54 field however has a salt dome located beneath the center of the field.  A 
salt dome can be a source of very high salinity pore waters if dissolution of the salt has taken 
place.  To determine if the field contained fluvial to marine or saline to brine TDS values 
estimated salinity logs were created throughout the field.  If the salinity of the formation waters 
is greater than seawater salinity then these saline waters must have been introduced to the field at 
a later time.   
(1) Hypersaline waters were found to exist within the South Timbalier 54 field.  The 
Revil et al. (1998) electrical conductivity method was used which has been proven to show 
accurate results when compared to existing data and to pore water samples in the Eugene Island 
area. Using the Revil et al. (1998) electrical conductivity method salinity logs were created for 
forty wells.  These logs used well data from gamma ray, density, and resisitivity logs to estimate 
salinity. These wells were located on all sides of the salt dome thus giving a complete look at the 
possible pathways of saline water movement.  
(2) There are four salinity zones based on the salinity logs.  These zones are based on 
changes in salinity with depth throughout the field.  The first zone contained brackish waters 
from the flow of the Lafourche channel through the center of the field.  Below was a second 
zone, which showed very high saline and brine TDS values.  The third zone was a seawater 
salinity area dominated by shale and shaly sands.  The fourth and deepest zone showed very high 
saline and brine TDS values.   
(3) The saline waters within this field were found to come from the dissolution of 
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subsurface evaporites.  Beneath the South Timbalier 54 field is a salt dome.  This salt originated 
from the Jurassic Louann salt sheet and was deformed and forced away as sediments were being 
deposited within the Gulf of Mexico.  Other authors have noted direct correlation of increased 
salinity in sediments overlying salt structures along the Gulf Coast where the field is located. 
(4) The South Timbalier 54 field contains two major growth faults that extend throughout 
the field.  The two faults originated at the salt dome and extend up into the shallowest sections of 
the field.  The major regional fault is cut by the Lafourche channel.  For the saline waters to be 
located above the seawater salinity shale layer they must have migrated from the dissolved salt 
below the shale layer since there are no sources of saline waters above the shale.  Shale typically 
has a low permeability and therefore would prevent fluid from freely flowing through it.  
Therefore the saline waters associated with the dissolution of the salt must have migrated up the 
growth faults into the porous and permeable thick sand unit of salinity zone two.  Faults can act 
as conduits or barriers and for some moment in time they would have had to act as a highly 
permeable pathway for the saline to brine waters that are located within that section to have 
moved upward from the salt dome.   
(5) The expulsion of fluids through faults is most likely caused by overpressure of 
sediments deep within the field.  The pressures associated with similar fields in the Gulf Coast 
region exhibit high pressures from disequilibrium compaction.  This process is the result of the 
massive amounts of sediments that were deposited in Gulf Coast area resulting in the entrapment 
of pore fluids as the sediments are buried and compacted.  A detailed pressure calculation was 
not done for the wells within the field but the mud weight data was available from multiple well 
headers.  By converting the mud weight data to geostatic ratio the top of overpressure was found 
to be between 12,011 – 13,002 feet.  Therefore the salt dome and the sediments surrounding it 
were overpressured which would explain how fluids were expelled up the growth faults. 
 79
 80
(6) The low salinity zones are the result of processes other than brines being forced up the 
faults.  Salinity zone one is the result of the brackish waters of the Lafourche channel.  The 
channel cuts the D19 well and correlates to lower salinity values lower than seawater.  Salinity 
zone three is the result of the low permeability of the shale.  Shale typically has very low 
permeabilities and the shaly sand of that interval is discontinuous in the seismic and thus is not 
connected to the rest of the field. 
The South Timbalier 54 field study shows that with estimated salinity data and an 
understanding of the structure of the field can be used to understand the patterns of fluid flow of 
saline waters.  This was done without a detailed data set of pressure or temperature.   
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APPENDIX I – REVIL ET AL. (1998) MODEL FOR CALCULATION OF SALINITY 
 
This section describes how the salinity logs were created using the equations from the 
Revil et al. technique.  All the data used in the South Timbalier 54 salinity log calculations are 
the same data used by Revil et al. from their experiments in Eugene Island.  No new data were 
generated except for the addition of the density, gamma ray, and resistivity logs from South 
Timbalier 54.  The following equations are setup in the order they appear in the spreadsheet used 
to calculate salinity. 
The clay weight fraction of clay minerals is obtained from calculating the shale content 
using the gamma ray response.  The clay ratios of illite (1.75%), chlorite (18.5%), Mixed layer 
clays (illite and smectite (64.5%)), and kaolinite (15.5%) were calculated analyzing thin sections 
within the well (Revil et al., 1998).  The gamma ray levels (api) for pure shale of illite = 250, 
chlorite = 180, mixed layer clays = 100, and kaolinite = 80.  This combination of the clay ratio 
data with the gamma ray levels for pure shale of each of the clays combines to give a value of γSh 
= 110.  The clay weight fraction is calculated from:  
(A1)   ϕw = γ - γSd__           
                      γSh 
 
where ϕw is the clay weight fraction in the sediment, γ is the measured value of gamma ray from 
a well log, γSh is the gamma ray response for a shale (110), and γSd is the gamma ray response of 
a clean sand (10) (Revil et al., 1998) except if sand has K-feldspar and/or volcanic fragments. 
 The cation exchange capacity (CEC) is the maximum number of surface exchangeable 
cations per unit mass of sediment and is significant for clay minerals (Revil et al., 1998).  For the 
calculations the clay minerals of interest are kaolinite, chlorite, illite, and mixed layer clays.  The 
CEC of a mixture of clay minerals is derived by taking the arithmetic average of individual clay 
CEC weighted by their corresponding volume fraction to obtain the effective CEC.  The CEC is 
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calculated from: 
(A2) CEC = ϕw Σ χi CECi    
where ϕw is the clay weight fraction in the sediment, χi are the relative fractions of each clay 
mineral in the shale fraction of the sediment, CEC is the effective CEC of the sediment, and 
CECi is the cation exchange capacity of each of these clay minerals.  The formula is simplified to 
CEC =  ϕw * 0.0793 for the values listed previously. 
Next the porosity (φ) of the sediments is calculated.  The porosity is determined directly 
from the bulk density log using the following equation: 
(Α3) φ =  ρg - ρ 
               ρg - ρf 
 
where ρg is the grain density (2.65 g/cm3), ρf is the pore fluid density (1.1 g/cm3), and ρ is the 
density from the density log. 
The CEC then needs to be converted to Qv.  Qv is the excess surface charge per unit pore 
volume.  To convert CEC the following formula is used: 
(A4) Qv = ρg 1-φ CEC      
                        φ 
 
where φ is taken from (A3),  CEC is taken from (A2), and ρg = 2.65 g/cm3. 
The surface conductivity (σS) is calculated for sodium from: 
(Α5) σS =  2    φ      Zs βS Qv       
                     3  1- φ        σf     
 
where σS is the surface conductivity, σf is the fluid conductivity (1/σf  = 96320000), ZS is the 
cation valence (1 for sodium), βS is the surface mobility of sodium and is calculated in (A7). 
Qv is taken from (A4).  φ is taken from (A3). 
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 The temperature at depth was calculated using the following equation: 
 (A6) T = T o + (0.207 * depth) 
where T is the temperature at depth, T o is the reference temperature of 25oC, 0.207 oC/m is the 
temperature gradient, and depth (m) is the true vertical depth taken from the well log. 
The surface mobility of sodium is then corrected for the temperature at depth by: 
 
(Α7) βS(T) = βS(T0)[1 + νS(T – T0)]     
 
where βS (T) is the surface mobility of the temperature at depth, βS (T0) is the surface mobility of 
the reference temperature, T0 is a reference temperature (250C), and νS is the ion coefficient for 
surface conductivity, νS(Na+) ≅ 0.040 + 0.002 0C-1 is temperature independent.  T is taken from 
(A6).  βS(T0) = 0.00000000514 m2 s-1 V-1. 
 The cementation exponent (m) represents the decoupling factor between the total 
interconnected porosity and the effective porosity for the electrical current tranport.  The 
cementation exponent with the decoupling factor ((Qv  * φ)/(1 − φ)) is directly proportional to the 
CEC.  The following shows the equations for the cementation exponent: 
 (A8) m =  m0 + (α * Qv  * φ)/(1 − φ) 
where m0 represents the cementation exponent of a clean sand or sandstone ( = 1.80), and α is a 
coefficient relating the cementation exponent and CEC (= 1.58 mL meq-1).  Qv is taken from 
(A4).  φ is taken from (A3). 
 The electrical formation factor (F) is calculated from the following equation: 
 (A9) F = 1/φm 
where φ is taken from (A3) and m is taken from (A8). 
 The fluid conductivity (σf) is calculated from the following equation: 
 (A10) σf = (F * (1/res)) – (2 * F * σS) + (2 * σS) 
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where F is taken from (A9), is taken from (A5), and res = the resistivity value from the resistivity 
log (ohm * m). 
Then the fluid conductivity is corrected for temperature at depth using: 
 
(Α11) σf (T) = σf (T0)/[1 + (νf(T – T0))]       
 
where T is the temperature at depth (taken from (A6)), T o is the reference temperature of 25oC, 
νf is the ion coefficient for fluid conductivity, νf  ≅ 0.023 0C-1.  σf (T0) is taken from (A10). 
 Salinity is roughly proportional to the electrolyte conductivity (Cf).  The electrolyte 
conductivity of sodium can be calculated from the following equation: 
 (A12) Cf = 0.56 x [σf (T)/5] 
where 0.56 mol L-1 is the salinity of an equivalent NaCl solution of the same electrical 
conductivity as seawater.  5 (S m-1) is approximately the seawater electrical conductivity at 25oC.  
σf (T) is taken from (A11). 
 Since salinity is proportional to the electrolyte conductivity the salinity can be calculated 
using the following equation: 
 (A13) Salinity = Cf * 58.44 
where Salinity is in g/L, Cf is taken from (A12), and 58.44 is the proportional factor of salinity 
and the electrolyte conductivity. 
APPENDIX II – WELL PRINTOUTS FOR WELLS USED TO CALCULATE SALINITY 
 
 Appendix II is a listing of the forty wells used to calculate the salinity logs.  The logs are 
listed based on their well numbers.  The salinity logs are highlighted if salinities are greater than 
seawater salinity.  Also listed are corresponding density, gamma ray, and resistivity logs for each 
well.  Sal1 is the estimated salinity calculated from the Revil et al. (1998) method.  GR is the 
gamma ray log.  RHOB is the bulk density.  ILD is the resistivity log. 
 
 
 
 88
  89
  90
  91
  92
  93
  94
  95
  96
  97
  98
  99
  100
  101
  102
  103
  104
  105
  106
  107
  108
  109
  110
  111
  112
  113
  114
  115
  116
  117
  118
  119
  120
  121
  122
  123
  124
  125
  126
  127
  128
APPENDIX III – TABLE OF WELLS SHOWING SALINITY ZONE COVERAGE 
 
Well Number Salinity Zone 1 Salinity Zone 2 Salinity Zone 3 Salinity 4 
     
019 5  Full Section Full Section Part of Section 
020 4  Full Section Full Section Part of Section 
0422 2   Full Section Full Section 
A13    Full Section 
B21  Full Section Full Section Full Section 
B23  Full Section Full Section Part of Section 
B24   Full Section  
B25  Part of Section Full Section Part of Section 
B26  Part of Section Full Section Part of Section 
B26ST  Full Section Full Section Full Section 
B27   Full Section  
B27ST1  Full Section Full Section Part of Section 
B27ST2  Full Section Full Section Part of Section 
D18  Part of Section Full Section Part of Section 
D19 Full Section Full Section Full Section Part of Section 
D19ST Full Section Full Section Full Section  
E12  Full Section Full Section  
G1  Full Section Part of Section Part of Section 
G2  Full Section Full Section  
G3  Full Section Full Section Part of Section 
G5  Full Section Full Section  
G6  Full Section Full Section Part of Section 
G7  Full Section Full Section Part of Section 
G8  Full Section Full Section Part of Section 
G11  Full Section   
G12  Full Section Full Section Part of Section 
G13  Full Section Part of Section  
G14  Full Section Part of Section Part of Section 
G15  Full Section Full Section Part of Section 
G15ST  Full Section Full Section Part of Section 
G17  Full Section Full Section Part of Section 
G18  Full Section Part of Section  
G20  Full Section Full Section Part of Section 
G22  Full Section Full Section Full Section 
G22ST   Full Section Full Section 
G23  Full Section Full Section Part of Section 
G28  Full Section Full Section Part of Section 
G29  Part of Section Full Section Full Section 
G30   Full Section Full Section 
G31  Part of Section Full Section  
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